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Introduction
Cationic titanium half-sandwich (mono-cyclopentadienyl) species show interesting catalytic activity, especially in the syndiotactic polymerization of styrene [1] and the polymerization of propene to high molecular weight atactic polypropene. [2] There has been some debate in the literature about the nature of the actual active species in these systems, e.g. whether Ti IV or Ti III species are involved, or both.
[3] As the cationic species [(η 5 -C 5 R 5 )TiMe 2 ] ϩ are highly electron-deficient we sought ways of stabilizing these, without resorting to strong heteroatom-based Lewis basic moieties, in order to study their reactive properties. Baird et al. found that [(η 5 -C 5 Me 5 )MMe 2 ] ϩ cations (M ϭ Ti, Zr, Hf) can bind arenes reversibly, [4] and that this interaction is significantly stronger for Zr and Hf (for which a related crystal structure has been reported [5] ) than for Ti. We thus set out to prepare half-sandwich titanium complexes with benzyl-substituted Cp-ligands to use these interactions in an intramolecular fashion. The feasibility of this was suggested by observations of Chien, Rausch et al. on the [η 5 4 ] system, where NMR evidence was obtained for η 6 -coordination of the arene moiety in the thermally labile cationic dimethyl species. [6] In this contribution we describe the synthesis of neutral and cationic titanium complexes with the benzylsubstituted cyclopentadienyl ligand [C 5 C 6 F 5 scrambling. This species subsequently undergoes a highly unusual transformation, resulting in a dicationic dimeric Ti III complex. The crystal structure of this product represents the first structural characterization of an ansacyclopentadienyl-arene early transition-metal compound.
Results and Discussion
The synthesis of the benzyl-cyclopentadienyl salt Li[C 5 H 4 CMe 2 Ar] (Ar ϭ 3,5-dimethylphenyl) is straightforward, proceeding through addition of ArLi (obtained from ArBr and nBuLi) to 6,6-dimethylfulvene, analogous to the preparation of Li[C 5 H 4 CMe 2 Ph].
[7] The 3,5-(dimethyl)-phenyl group was chosen initially to provide a stronger donor interaction (in [Cp*MMe 2 (arene)] ϩ toluene is more strongly bound than benzene [4] ) and to make arene cyclometallation [8] The resonances for the [MeB(C 6 F 5 ) 3 ] -anion are consistent with those for a noncoordinated anion, [9] and the resonances for the arene moiety show substantial coordination chemical shifts (downfield for o-C and p-C, upfield for m-C; the o-H proton resonances are found upfield shifted at δ ϭ 5.91). The chemical shift difference between the two sets of Cp protons also increases strongly (∆δ ϭ 1.59 in 2 and 0.14 in 1). Compound 2 is a 16-electron complex and does not readily react with propene or styrene at ambient temperature (as seen from NMR-tube-scale experiments). This suggests that the arene moiety is fairly strongly bound. The presence of one equivalent of excess B(C 6 F 5 ) 3 in bromobenzene solutions of 2 resulted in a reaction (complete in about 20-24 h at ambient temperature) forming MeB(C 6 F 5 ) 2 [10] and an organometallic species that, based on NMR spectroscopy, was identified as the mixed methyl/ perfluoroaryl species [(η 5 ,η 6 -C 5 H 4 CMe 2 Ar)Ti(C 6 F 5 )Me]-[MeB(C 6 F 5 ) 3 ] (3, Scheme 1). The 19 F NMR spectrum shows a C 6 F 5 group with a downfield shifted o-F resonance, and the 13 C NMR spectrum a triplet with 3 J CF ϭ 7.3 Hz at δ ϭ 102.7 for the Ti-Me group. These features are consistent with a Ti(Me)(C 6 F 5 ) species. [11] The 1 H NMR reson- ances of 3 are broad at ambient temperature, but at -30°C they reveal an asymmetric structure, and the retention of the η 5 ,η 6 -coordination mode of the ancillary ligand. Thus the addition of an extra equivalent of the Lewis acid induces a scrambling of Ti-bound and B-bound hydrocarbyl groups. Upon standing at ambient temperature the solution produces brown-green crystals that (based on lattice parameters) are identical to those that are (more slowly) formed in solutions of 2.
An X-ray structure determination showed that these crystals are of the salt {[(η 5 ,η 6 -C 5 H 4 CMe 2 Ar)Ti(µ-Br)] 2 }[B(C 6 F 5 ) 4 ] 2 (4, Figure 1) .
In this compound a dicationic dimeric Ti III ansa-cyclopentadienyl-arene bromide complex is complemented by two tetrakis(pentafluorophenyl)borate anions. The dication is centrosymmetric, with nearly equivalent Ti-Br bond lengths in the Ti(µ-Br) 2 Ti bridge. The Ti-Br distances are, on average, 0.085 Å shorter than in the isoelectronic neutral [(C 5 H 4 Me) 2 Ti(µ-Br)] 2 complex [12] and this, combined with the wider Br-Ti-Br' angle, results in a Ti⋅⋅⋅Ti distance of 3.7858(9) Å in 4 that is 0.34 Å shorter than in the latter compound. The bend angle of the Cp-arene ligand backbone, C(5)-C(6)-C(7), is quite acute at 95.8(3)°, and the Cp(centroid)-Ti-Ar(centroid) angle is 125.0°. The arene ring does not deviate significantly from planarity, but the bonding to the Ti atom is highly asymmetric, with Ti-C(7), Ti-C(8) and Ti-C(12) being much shorter than the Ti-C(9), -C(10) and -C(11) distances. This results in a slight lengthening of the C(7)-C(8) and C(7)-C(12) bonds relative to the other arene C-C bonds.
The formation of compound 4 is remarkable for at least two reasons: a) the reaction of a Ti IV cation with a Lewis acid in a halogenated solvent yields a Ti III halide species, and b) starting from a cation with the [MeB(C 6 -anion, recently reported by Bochmann et al. [13] ). In conclusion, we have observed the formation of a cationic ansa-Cp-arene titanium dimethyl species, hydrocarbyl ligand scrambling on this species induced by the presence of excess Lewis acid, and a highly unusual degradation of a cationic Ti IV species in bromobenzene to produce a Ti III complex, the first structurally characterized ansa-Cp-arene early transition-metal derivative. These observations provide an interesting insight into the possible activation and degradation processes in titanium-based half-sandwich olefin polymerization catalysts, and we are presently studying related hemilabile monocyclopentadienyl Ti IV species to increase our understanding of this chemistry.
Experimental Section
General: All experiments were performed under a nitrogen atmosphere with standard Schlenk and glove-box techniques. Deuterated solvents (Aldrich, Acros) were either degassed and dried over molecular sieves (C 2 D 2 Cl 4 , C 6 D 5 Br, CD 2 Cl 2 ) or dried over Na/K alloy and vacuum transferred before use. Dichloromethane was distilled from P 2 O 5 , C 6 H 5 Br from Ca chips, other solvents were distilled from Na/K alloy or Na (toluene) before use. -NMR spectra were recorded on Varian Gemini 200/300, Inova 400 and Unity 500 spectrometers. The 1 H-NMR spectra were referenced to resonances of residual protons in the deuterated solvents. Chemical shifts (δ) are given relative to tetramethylsilane (downfield shifts are positive). Li[C 5 H 4 CMe 2 Ar] (Ar ϭ 3,5-dimethylphenyl) was prepared analogously to the derivative with Ar ϭ Ph [7] using 3,5-dimethylphenyllithium prepared in hexane from the corresponding aryl bromide and nBuLi. 6,6-Dimethylfulvene and 5-bromo-3-methyltoluene (Aldrich) were used as purchased. 1.86 g, 4.0 mmol) . The suspension was stirred at ambient temperature while the color changed gradually from red to yellow. The mixture was centrifuged and the salts were separated by decantation. The solvent was removed in vacuo, and the residue extracted with pentane. Evaporation of the solvent yielded 1 as a yellow oil that solidified on standing. The compound is very soluble in pentane, but may be crystallized from this solvent at low temperature to yield analytically pure material. ϩ . [14] Eur. J. Inorg. Chem. 2000, 929Ϫ932 932
